It is clearly recognized that an accurate evaluation of a community's health status requires more than an analysis of mortality data or reports of communicable disease. The lack of current information on the incidence and prevalence of illness and on other health problems in Pittsburgh led to establishing the "Arsenal study area" for concentrated investigation.
During July 1951, the department of biostatistics of the Graduate School of Public Health, University of Pittsburgh conducted a morbidity survey, on a probability sample basis, of households located in the Arsenal study area. First in a planned series of morbidity studies in Pittsburgh, the survey had four objectives: foremost-to provide general measures of the health status of the household population through the collection of data on recent illness, hospitalization, and accident experience; second-to characterize the population under study through the collection of basic social and economic information; third-to provide a general picture of the pattern of demand for health services; and fourth-to furnish the Mr. Horvitz, assWitant professor of biostatistics, University of Pittsburgh Graduate School of Public Health, presented this paper before the Second Conference on Public Health Statistics at the School of Public Health, University of Michigan, Ann Arbor, June 19. nucleus of families to be followed for long-term studies.
Of a total probability sample of 2,954 dwelling units in the Arsenal study area, completed schedules were obtained from 2,791 households, or 94.5 percent. A second sample of 1,629 dwelling units, representing 1 percent of those eligible, was selected from the rest of Pittsburgh. However, this report will be limited to the Arsenal study area sample. It will describe sample and field procedures employed and will discuss the results of a preliminary investigation of both sampling and nonsampling errors.
General Description
The Arsenal study area is a section of the Arsenal health district, the first of five health districts to be established by a reorganization plan of the Pittsburgh Health Department. Its location is shown on the map. The study area comprises 22 (see table 2 ).
Blocks which in 1940 had no occupied dwelling units, or "zero" blocks, were joined with nonzero blocks. Where examination of building permits issued after January 1, 1940, revealed sufficient construction, certain blocks were reclassified. One entire census tract, which had changed greatly since 1940, was cruised by automobile to estimate the number of occupied dwelling units.
To insure a better spread of the sample over the area, we designated blocks as the primary sampling units, and introduced the individual dwelling as the subsampling unit within the selected blocks. Our decision to subsample the blocks meant listing all eligible dwelling units in each block, a task which was performed by enumerators.
Because there were no published data on the amount of variation between blocks and between households within blocks for characteristics of illness and hospitalization for specified periods, we had no basis for estimating the optimum proportion of blocks and of households to be sampled in order to achieve a specified precision. To lead to an approximation of such proportions, we adopted a method suggested by Hansen (3) . The method includes the use of the same proportion of sample households for all strata. Determination of this pro-portion requires a decision on the total number of households to select for the sample.
Since the size of sample to be selected depends upon the phenomenon to be studied, we based the sample size on estimates from other surveys of the rates for number of persons hospitalized per 1,000 population per year and number ill in the course of a month per 1,000 population. These rates are within the order of magnitude of the other phenomena examined in the survey. We also decided that the size of the sample should be such that the observed rate should not differ by chance from the true rate by more than 10 percent. In the light of these considerations, and assuming random sampling, a sample of 8,900 individuals was determined, but it was arbitrarily enlarged to 10,000 to adjust for the actual plan of sampling blocks and then households rather than individuals in an unrestricted random fashion. By translating the 10,000 individuals into number of households, a sampling ratio of 2 of every 15 dwelling units was calculated, yielding an expected 2,927 households to be sampled.
In selecting the number of blocks for the sample, we included all 36 blocks in stratum I (100 or more occupied dwelling units), for undoubtedly there would be substantial variation between those blocks for the characteristics to be measured. We followed Hansen's (3) scheme in allocating the block and subsampling rates to the strata containing the medium-and small-size blocks. Although Hansen suggests selecting an average of 5 dwelling units from the blocks in the small-block stratum, we selected 9 for two reasons: First, the time allotted for the field work would permit only the listing of about 50 percent of the blocks; second, since the morbidity survey would be directed partly toward specific illness diagnoses-items which occur rarely in the population-it was felt that heavier sampling within the block would improve the efficiency of the survey for these items.
In tables 2 and and 3 are shown the block and dwelling unit sampling rates, and the expected and actual number of dwelling units selected from each stratum.
To accomplish the sample block selection, census tracts in the study area were listed with each tract geographically contiguous to the immediately preceding tract. Then, maintaining the 1940 census numerical order of the blocks within census tracts, a list of blocks eligible for selection in the sample was prepared for each stratum. The actual selection was carried out systematically, beginning with a block chosen at random from the list. For example, selection from the small-block stratum was accomplished by choosing two numbers between 1 and 5 at random (since the sampling rate was 2 in 5), and.by designating for the sample the blocks with these list numbers plus every fifth block following each so selected.
A systematic procedure, using a random starting point and skip-interval in accordance with the appropriate sampling rate, was also followed in selecting the dwelling units to be enumerated in each of the sample blocks.
There are many possible sample designs alternative to that adopted for the -morbidity survey. Undoubtedly, there exist schemes for sampling urban populations which would achieve the desired precision at less cost. However, it is impossible to determine in advance the value of reasonable alternative plans in the absence of information essential to the design of efficient sampling systems for morbidity surDetermination of the Sampling Rates for the Arsenal Study Area Survey
Over-all Rates To estimate a true rate of 100 per 1,000, or 1 in 10, from a sample with a small chance that the error of the estimate exceeds 10 percent, the required sample size for unrestricted random sampling without replacement may be N obtained from the formula n= +Np; where 1-p the quantity N is the total size of the population (sampling units), n is the sample size, p the true proportion possessing the attribute, and C the desired coefficient of variation.
For the survey, we have p=Ao, N=80,000 persons, and C=.03, so that the required n is 8,900. By arbitrarily increasing 8,900 to 10,000-to account for the actual plan to select households rather than individuals-the proportion of the eligible individuals desired in the sample is estimated to be 10,000 or 1/8. 80,000 This rate was increased to 1 in 7.5, or 2 in 15, to compensate for the nonresponse among those selected for the sample, and since the estimate from census data of the number of persons residing in eligible dwelling units was slightly less than 80,000.
BZock and Dwelling Unit Rates
Steps in the determination of the block and dwelling unit sampling rates for the medium and small blocks, strata II and III, follow:
1. The over-all sampling was set at 2 out of every-15 eligible dwelling units.
2. The expected average number of dwelling units to be selected from the blocks in stratum III was set at 9. Since the advance estimate of the average size of these blocks was 27, the dwelling unit sampling rate within blocks was set at 9/27 or 1 in 3 for this stratum.
3. Since the product of the block and withinblock sampling rates for each stratum must equal the over-all dwelling unit sampling rate of 2/15, the proportion of blocks to be drawn from stratum III was determined to be 2/15+ 1/3=2/5.
4. The block sampling rate for stratum II is given by the formula / avera e ofme iumbok sratu The actual field work began June 28, 1951. The Arsenal study area was divided, without cutting across census tract boundaries, into six relatively homogeneous subareas determined to a great extent by natural topography. Sample blocks were assigned at random to the enumerators subject to the conditions that each enumerator's assignnment include (a) at least two blocks in each subarea and (b) two large, five medium, and either six or seven small blocks. The latter condition was applied to distribute the work load evenly. The assignments were ordered to insure that the field work 'would be conducted in approximately the same time period in each subarea.
The sample blocks were assigned at random to permit unambiguous statistical examination of the degree of agreement with respect to the findings among enumerators.
No substitutions by the enumerator were permitted for the dwelling units selected. Callbacks, up to a total of three, were made to sample households not contacted on the first call.
To keep the refusal rate low, Pittsburgh radio and television stations made periodic public service announcements asking the public's cooperation during the field portion of the survey, which had been preceded by newspaper publicity.
Close contact was maintained with the enumerators during all phases of the field work, and frequent meetings were held to correct any errors appearing on completed schedules.
Except for a relatively small number of callbacks, the field work was completed in a little over 4 weeks.
Vol. 67, No. 10, October 1952 Cost Actual costs of the various phases of the morbidity survey in the study area, except for the tabulation of the results, are shown:
Preliminary preparation_------------------Printing of questionnaires_--------------_ Manuals, maps, other materials_------------Enumerator training_----------------------Field work--____________________ Enumerators----------------------$3, 900
Travel -------------------------- 
Editing and coding_------------------------2,100

Total --------------------------------8,448
Cost per completed, coded schedule_-----------$3.03
Not included are the salaries of the survey's director and assistant director. No attempt was made to determine the proportion of departmental overhead assignable to the survey. There was no overhead for the field office. Enumerators were paid $1.25 an hour but were not restricted to an 8-hour day. Two punch cards were coded: one for each household and one for each individual in the sample.
The enumerators kept records of their travel and interview time as well as the total time spent in each assigned block. Of their total field time, 36 percent was spent in interviewing, 10 percent in traveling, and 54 percent in other activities which included listing dwelling units.
Accuracy
The increasing demand for morbidity data on a sample basis emphasizes the need for thorough study of both the sampling and nonsampling errors arising in health surveys of the type we are describing. An attempt partly to fulfill this need, based on the results of the Pittsburgh morbidity survey, is under way. For the present, the type of investigation needed will be illustrated for several problems of methodology by analysis of a single characteristic-the number of persons reported ill for the month prior to interview.
Sampling Errors In any sample survey, it is essential to evaluate the precision of the results. The equations for calculating precision depend entirely on the sample design and certain properties of the population sampled.
For the Arsenal study area the sample yielded an estimated 8,121 persons ill in the month prior to interview. The estimated coefficient of variation, or relative standard error, is 4.04 percent. Using a 95-percent confidence interval for the total of persons ill in the study area during the survey period, we were reasonably assured that a complete population count, using the same definitions, techniques, and enumerators, would have yielded a figure between 7,46; and 8,777 ill persons. Since a rate based on the total population is estimated with greater precision than the absolute numbers, the sampling error for the estimated illness rate of 113 per 1,000 persons in the study area quite likely falls within the goal set in advance.
Computation of the sampling precision for the illness characteristic yielded several quantities of importance to the design of future morbidity surveys, particularly to those contemplating similar surveys of urban populations (table 4) . In particular, these quantities were the variances, or measures of variability, between blocks and between households within blocks. Prior knowledge of these variances would have permitted an advance estimate of the precision of the results with the specific design adopted. More important, the block and household sampling rates which would have yielded the desired precision with the least expenditure could have been determined.
Examination of the data in table 4 reveals some interesting facts. The between-block variation and the average number of persons ill per block are both almost directly proportional to the average size of the blocks in each stratum. And the average variance between dwelling units within blocks remains reasonably constant over the three strata.
Clearly, there is some advantage to selecting a sample design which takes into account the variation in block size either by stratification or by sampling with probability proportionate to size. However, it does not appear necessary to vary the number of dwelling units selected for the sample with the size of block. Sample surveys of human populations, and morbidity surveys especially, are costly. Until the experience of past surveys is evaluated and Public Health Reports 
reported, there can be little hope for the development of methods and techniques which will be entirely satisfactory both administratively and statistically.
Nonomampling Error8
In surveys of this type, there are other sources of error which may cause bias in the results but which would still exist if the investigation had called for canvassing the entire eligible population. They include failure to interview all households selected for sampling, errors of response, and errors attributable to enumerators. Some aspects of these nonsampling errors have been examined for this survey.
For various reasons, 163 households, or 5.5 percent of those selected, were not interviewed. Of these, 67 (2.2 percent) were not contacted during any of the four calls made, and 79 (2.7 percent) refused to cooperate (table 5) .
The actual bias in the final estimates from failure to achieve 100-percent completion can be evaluated properly only by interviewing the nonrespondents. Various statistical techniques for alternative treatment of the "not-at-home" problem, a component of the nonresponse error, are available, however (4) (5) (6) . For the most part, these techniques constitute attempts to control the extent of this error in a given survey. Nevertheless, it is important to the methodology of morbidity surveys to know when it is necessary to apply them. It From the datawin table 7 , it is clear that error might be introduced by depending on a single respondent's report of illness experienced by other members of his household. This source of bias in the returns can be removed by selecting individuals at random for interview rather than households, or by personally interviewing in selected households aft respondents above a specified age. Either procedure would increase the survey's cost. Alternatively, the extent of this bias, if it is real, can be reduced by better designed questions and by improved interviewing techniques. The data shown by no means provide the final answer to the problem. Further investigation of this type of response error is necessary for this and other variables relating to health.
In planning morbidity surveys, the type of enumerator employed is an important consideration. It is essential to the success of a survey that interviewing errors not only be measurable but controllable. Standard interviewing techniques and thorough training in them may easily be insignificant control mechanisms when compared with enlightened selection of type and number of enumerators. As yet, no definite criteria are established for the selection of enumerators for health surveys, although the enumerator assignment plan for the Arsenal studv area was introduced in an attempt to solve this problem in part. Random assignment to blocks or primary sampling units, so essential to valid comparison of enumerator groups, also permits their contribution to the total survey error to be measured. Hansen and others (7) discuss this latter aspect and describe a method for determining the optimum number of enumerators for effective control of the enumerator variance. Although the relative sampling error remains small in this instance, the example does emphasize the importance of evaluating and reporting the contribution of the enumerators to the total survey error, a generally neglected practice. Admittedly, it may not be necessary to do so for many characteristics. Which variables require assessment are not presently known. If the relative magnitude of the enumerator variability had been realized prior to the Pittsburgh morbidity survey, statistical control of this source of error could have been affected by increasing the number of enumerators-if cost of the survey were not an important factor too! Better criteria for selecting enumerators for morbidity surveys, improved questionnaire design, improved interviewing techniques, and better training methods must be considered in conjunction with the number of enumerators if the enumerator error is to be controlled efficiently.
Summary
The first of a series of morbidity surveys on a sample basis planned for the Arsenal study area of Pittsburgh is discussed. The survey design, method of selecting the sample, and field procedures are described in detail. In addition, the accuracy of the findings for a single characteristic-persons ill during the month prior to interview-is discussed with respect to both sampling and nonsampling errors. Particular reference in the discussion of the latter is made to the errors of nonresponse, of respondents, and of enumerators.
